Physical stresses, such as exposure to cold, can affect plant recruitment, survival, and 24 demography. The ability of plants to tolerate physical stress, however, may depend upon the co-25 occurrence of other stresses. For example, although plants undergo physiological changes to 26 increase defense against herbivores, it is unknown whether chemical signaling associated with 27 herbivory can alter plant tolerance to cold. We tested the hypothesis that both tissue removal and 28 chemical induction (via exogenous application of 1 mM methyl jasmonate [MeJA]) would alter 29 cold tolerance of Pinus resinosa seedlings. Application of MeJA resulted in 18% less foliar 30 tissue damage than control plants (estimated via foliar electrolyte leakage) following a simulated 31 frost. Leaf tissue removal similarly limited the extent of cold damage on P. resinosa seedlings. 32 Seedlings not treated with MeJA grew slower than seedlings treated with MeJA following 33 exposure to the simulated frost. Our work indicates that secondary responses via MeJA 34 induction can alter tree seedling response to cold and may 1) help explain natural patterns of 35 variation in plant performance and 2) be leveraged to facilitate agricultural plant tolerance to 36 physical stresses under increasingly variable climate conditions.
materials for additional details). Seedlings were then randomly assigned to either experience a 115 single moderate freeze event ("cold-stress treatment") or remain at a constant temperature regime 116 ("temperature control"). Freezing trials were replicated in two consecutive sessions, 14 days (n 117 = 116 seedlings) and 20 days (n = 28 seedlings) after the emergence of the final test seedling.
118
Tissue removal treatments were only evaluated during the first freezing session.
119
Before each freezing session we recorded pine seedling height (Ht initial ). Pots were 120 embedded in trays filled with vermiculite to ensure top-down freezing. All seedlings were 121 relocated to a Precision BOD incubator (ThermoFisher Scientific, Model 3733, Marietta, Ohio, 122 USA) maintained at 15°C to expose all seedlings to incubator conditions (Connolly et al. 2017a).
123
After 1 hour, temperature control plants were returned to the growth chamber. Incubator 124 temperatures were lowered from 15°C to -8°C (rate: -5.5°C/h), were left at -8°C for one hour, 125 and then warmed to 12°C (rate: 9.0°C/h). All cold-treated plants were then returned to the 126 growth chamber where the temperature control plants were located.
D r a f t 7 induction treatment and induction control groups (4 seedlings total) died between two and four 138 days after the cold-stress treatment; these individuals were excluded from further analysis. No 139 treatment combination, however, had fewer than ten replicates for analysis of seedling growth 140 rate. Final seedling height (Ht final ) was measured 19 days after freezing. Seedlings were then 141 harvested to measure above and belowground biomass, root length, and lateral root number.
142
Relative seedling height growth rate (GR) was calculated as the difference between the natural 143 logs of initial and final seedling height (i.e., ln[Ht final ]-ln[Ht initial ]) divided by the duration of 144 growth time from cold stress treatment to final height measurement (Hunt 1978) . 145 We used general linear models to evaluate the influence of herbivory treatment and cold 146 stress on seedling PEL and GR. Both models included induction treatment, cold stress treatment, 147 and the interaction of these two factors as fixed effects. The model evaluating PEL also included 148 two additional covariates: 1) pre-freeze trial seedling height and 2) freezing session identity. We 149 included seedling height as a co-variate because this metric correlates with seedling age at the 150 time of our freezing treatment and the cold tolerance of coniferous tree seedlings may alter as 151 they grow (e.g., Cochran and Berntsen 1973). Model selection for seedling PEL focused on the 152 main and interactive effects of the induction and cold stress treatments and the main effects of 153 each covariate (Table S1 ); higher order interactions were not significant and resulted in greater Figure 1 
